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Preliminary and Short Report
INDENTATION HARDNESS OF THE FINGERNAIL*
SANFORD B. NEWMAN AND RICHARD W. YOUNG
In an effort to determine the response of the
fingernail to orally administered gelatin, Michael-
son and Huntsman (1) attempted to correlate
hardness measurements with gelatin intake and
with visually observed changes in the condition of
fingernails. A group of test subjects consisting of
2 men and five women received a capsule of
gelatin (0.67 g) three times a day, while a second
group comprising 6 men and 2 women were given
lactose placebos. Hardness of the fingernail clip-
pings was measured using a Knoop indenter (2)
mounted in a commercial micro-hardness tester(3). From these data they concluded that the
daily ingestion of 2.0 grams of gelatin significantly
increases the hardness of fingernails, and that the
change in hardness occurred within one month in
most of the test subjects.
It was reported that the study was undertaken
to determine correlations which might exist be-
tween physical testing procedures and visual ob-
servations noted by many investigators. The
adequacy of indentation hardness fur assessing
changes in nail defects of the selected subjects
was not discussed. These defects included chipping,
peeling, delamination and breaking. In general,
however, indentation tests are attractive because
of their simplicity, permitting control of the
uniformity of a product by making and measuring
a few indentations. Indentation results provide an
index which combines several properties of a
material and have long been used to characterize
some properties of metals. Indentation, or "hard-
ness" numbers, is based on the relationship of the
lateral area; the projected area; the depth or the
volume of an indentation to the load applied to
the indenting tool. The Knoop indentation num-
ber, used by Michaelson and Huntsman (1)
employs the unrecovered projected area. The
number is expressed as:
in which:
L L
A l2C
I = indentation numberL = load (in kilograms) applied to the indenter
= unrecovered projected area of the inden-
tation (in square millimeters)
= measured length of the long diagonal of
the indentation (in millimeters)
= constant relating 1 to the projected area.
If the same load is used in a series of measure-
ments, the only variable in computing I is the
length of the indentation.
Knoop hardness numbers range from 1 to 22 for
pitch, to 800 for annealed high-speed steels, and
reach 8,000 to 8,500 for diamonds. A study of hard-
ness measurements by Tabor (4) has revealed that
the generally recognized technics, Vickers, Knoop
and to a certain extent Brinell, have a simple rela-
tionship to the classical scratch hardness procedure
of Mohs (5). His hardness scale consists of ten
minerals in increasing order of scratch hardness.
Each mineral will scratch the one on the scale
below it but will not scratch the one above it.
Although it might be assumed that such a scale
is arbitrary and without basic physical signifi-
cance, it has been found for most of the range
that each increment on the Mobs scale corresponds
roughly to a 60% increase in Knoop and Vickcrs
hardness. Only the gap between corundum and
diamond appears disproportionately large. Figure
1 illustrates the relationship between the Knoop
and Mobs scale.
Knoop numbers ranging from 414 to 68,898 for
the gelatin regimen group, and 494 to 68,898 for
the placebo group, were reported by Michaelson
and Huntsman. Even the lower values exceed the
hardness of mild steel and the highest values
indicate that some of the tested fingernails were
eight times as hard as diamond. A few scratch
hardness tests using Mobs' minerals would quickly
disabuse the observer of any expectation that
fingernails would be capable of scratching more
than the first two materials in the scale. Obviously,
the prospect of scratching a solid as hard or
harder than diamond is indeed remote. In fact,
there are no real materials that possess properties
corresponding to the upper range of these numbers.
Knoop Hardness of Fingernails
Fingernail specimens must be suitably prepared
for testing, if meaningful, reproducible hardness
numbers are to be obtained. The usual procedure
with conventional solids is to embed a small
specimen in a solid matrix, with the surface to be
tested exposed. The block thus formed prevents
deformation or displacements of thin flexible
specimens. Unless this precaution is observed,
some of the force applied to the indenter will be
expended in work other than forming an indenta-
tion.
The specimen used by Michaelson and Hunts-
man was secured to a steel block with pressure
sensitive tape. Unfortunately, this configuration
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FIG. 1. Relationship between Mohs hardness
numbers and Knoop indentation hardness values., results from Knoop (1939); 0, results from
Peters (1940); D, results from Winchell (1945).
not only contains a compressible adhesive layer
but tbe adhesive itself is time-sensitive and will
permit gradual relaxation of any restraints im-
posed on the clipping. Knoop numbers were
obtained, in this laboratory, for specimens fastened
to a block with cellophane tape. The nail clip-
pings were conditioned at 73° F. and 50% relative
humidity for three weeks before testing. A load
of 3.6 kilograms was used which is close to the
4.1 kilograms load used in the earlier work. How-
ever, Knoop ci ol. (2) concluded that the use of
loads exceeding a few kilograms is advantageous
only in testing resistant materials. A range of
0.1 to 2.0 kilograms is satisfactory for the scale
range 5—2,000. In this preliminary work, mounting
the nail followed the somewhat ambiguous de-
scription of reference (1). In a first series of
measurements a strip of cellophane tape was folded
on itself with the adhesive on the outer surface.
One side was fastened to the block and the other
adhered to the concave side of the nail. Knoop
indentation hardness of the convex side of the
nail was found to be 12. Results from subsequent
experiments indicated that this result is low.
Because of the ambiguity in the description of
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how the chpping was fastened, a series of meas-
urements were made by applying the cellophane
tape directly to the dorsal surface of a clipping
resting on a block and pressing it to the surface.
0500 Four measurements which can only reflect thef
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hardness of the tape ranged from 42—68.
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///// O
v/f/I I I I I I I
purposes of comparison since hardness measure-
mcnts are meaningful only when the specimens
are rigidly supported. When fourteen specimen
clippings, from seven subjects (A to G) were
embedded in two types of epoxy resin, the re-
suits shown in Table I were obtained. All subjects
were adults in apparent good health.
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The purpose of this work was to estabhsh the
order of magnitude of the indentation hardness
of fingernails. A number of variables could affect
the values given in Table I. Some of these have
been evaluated in a cursory fashion and have
been found to have a significant but small effect
on indentation hardness. Fclr example, clippings
which have been allowed to come to equilibrium
with the atmosphere of winter-heated laboratories
become dry and brittle yielding Knoop numbers
10—30 points higher than those conditioned at
73° F. and 50% relative humidity. On the otherz
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hand, although swelling tests indicate considerable
anisotropy in fingernails, directional changes in
hardness are indistinguishable from differences
taken in the same direction on the same chpping.
TABLE I
Hardness of fin gernails*
Enoop indentation hardnesat
Sample
A
B
C
D
E
F
G
White epoxy
Metal-filled epoxy
Embedded in
white epoxy
62
37
43
23
37
26
49
30
Embedded in
metal-filled epoxy
31
27
20
24
42
19
42
16
* Clippings conditioned 20 hours at 50% rela-
tive humidity and 73° F. Surfaces abraded lightly
with fine emery to produce a flat plane.
t Long axis of indenter parallel to proximal-
distal axis of nail. Load = 2500 grams. Dwell time
for indenter = 21 secs. Each sample in table 1 con-
sisted of two clippings from the same subject, one
mounted in each epoxy matrix. Two indentations
were made in eacb clipping; the result in table I
is the average.
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Another variable which would he expectcd to
affect results is the contact time or length of the
period during which the indenter rests on the
clipping. Because of the rheological properties of
the nail keratin, the indenter will cause un-
recoverable deformation or flow during the entire
time it rests on the specimen. In the work de-
scribed here the dwell time was maintained as a
constant. Michaelson and Huntsman do not indi-
cate the dwell time used in their measurement but
do record the time permitted for the indenter to
descend which they report as rate of speed (20
seconds). Obviously, long dwell times would in-
crease the size of indentations and give lower
values but for periods of seconds to a minute the
changes are relatively small.
To establish the true position of nails in the
Mohs' scratch hardness scale, some commercial
plastics are useful materials for test standards.
Lysagt (6) presented some results for plastics and
obtained Knoop numbers ranging from 4 for
Saran to 53 for a Bakelite material. It was found
that fingernails could, in some instances, scratch
the softer plastics although it became difficult
with east polystyrene and polymethyl methacry-
late, and impossible with the harder phenolies and
melamines. As would be expected most nails
could be scratched by the latter.
All of the data collected fix the hardness of
fingernails in the range of many commercial
plastics (approximately 20—40 Knoop) and strongly
suggest that serious experimental or interpretive
errors exist in the results previously published.
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